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(57) ABSTRACT 

A ?rst container is operable to accommodate a liquid toner, 
and provided With a WindoW. A re?ector is disposed in the ?rst 
container. A light emitter is operable to emit light to the 
re?ector through the WindoW and the liquid toner. A light 
receiver is operable to receive the light re?ected by the re?ec 
tor through the liquid toner and the WindoW. A detector is 
operable to detect a concentration of the liquid toner based on 
the light received by the light receiver. 

15 Claims, 14 Drawing Sheets 
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LIQUID TONER CONCENTRATION 
DETECTING DEVICE AND METHOD WITH 
WINDOW IN TONER CONTAINER FOR 

LIGHT PASSAGE 

BACKGROUND OF THE INVENTION 

The present invention relates to a liquid toner concentra 
tion detecting device Which detects the concentration of solid 
particles in liquid toner used in a developing process for an 
image carrier With an electrostatic latent image formed on a 
photosensitive layer, as Well as an image forming apparatus 
and a method of controlling concentration Which utiliZe the 
detecting device. 
An electronic photographic type image forming apparatus 

includes a liquid toner including a liquid carrier such as an 
organic solvent, silicon oil, mineral oil or edible oil in Which 
microscopic toner resin particles containing a pigment have 
been dispersed. 

In the electronic photographic type image forming appa 
ratus using the liquid toner, a laser beam is scanned over the 
surface of an image carrier such as a photoreceptor, to form an 
electrostatic latent image, and the electrostatic latent image is 
developed by a liquid toner containing toner and a liquid 
carrier mixed at a predetermined ratio, thus forming a toner 
image. 
A liquid toner developing device is con?gured as folloWs. 

That is, in order to form a high quality image, the concentra 
tion of toner particles in the liquid toner is measured and, in 
the event that the concentration of toner particles decreases 
due to the developing process, the concentration of toner in 
the liquid toner is maintained Within a predetermined range 
by replenishing the concentrated liquid Which has a high 
concentration of toner particles. 

According to JP-A-200l 656608, a liquid toner concentra 
tion detecting device is disclosed in Which a detecting head is 
disposed inside a tank storing a liquid toner, the detecting 
head is connected to a light emitter and a light receiver by 
means of ?ber cables, the light emitted by the light emitter is 
injected into the liquid toner through the injection aperture of 
the detecting head, one part of the injected light is dispersed 
by the toner particles in the liquid toner, injected into the light 
receiving aperture of the detecting head, and received by the 
receiver, and the concentration of the liquid toner is detected 
according to the amount of the received light. 

Furthermore, according to JP-A-200l -5300, a liquid toner 
concentration detecting device is disclosed in Which a hous 
ing is disposed in liquid toner supplier Which is connected to 
a liquid toner storage tank and a developer, and the housing is 
provided With liquid toner oil ?lm forming means Which 
forms a ?lm of liquid toner oil inside the housing, a light 
source unit Which emits colored light, of a Wavelength of 
relatively loW light transmissivity vis-a-vis a selected color 
liquid toner, to the liquid toner oil ?lm of the selected color 
liquid toner, and a light detector Which receives the light 
transmitted through the liquid toner oil ?lm from the light 
source unit. 

In recent years, in response to requests for compact image 
forming apparatuses Which the users themselves can install 
and move as they Wish Within the o?ice, and for a higher 
quality of output image, there has been a demand for the 
introduction to the of?ce of image forming apparatuses Which 
utiliZe liquid toner, Which have toner particles of a smaller 
diameter than those of dry toner, to obtain high quality 
images. In meeting these demands, it can be predicted that the 
image forming apparatus Will be subjected to tilting and 
vibration When being installed or moved. For this reason, in 
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2 
the case of the liquid toner concentration detecting device 
disclosed according to JP-A-200 l -5300, if the image forming 
apparatus is tilted When installed or moved, or is subjected to 
vibration, there is a danger of losing the required detection 
accuracy due to liquid toner adhering to the light detector 
itself, or to a detecting WindoW disposed in the front of the 
light detector. Furthermore, in the case of the liquid toner 
concentration detecting device disclosed according to JP-A 
2001-356608, in some cases it can be predicted that the vol 
ume of liquid toner in the tank decreases beloW a predeter 
mined volume, the detecting head is exposed making 
detection impossible, or that the liquid toner adhering to the 
tip of the exposed detecting head Will harden, so that the 
detecting function Will not be restored even if the liquid toner 
is replenished. 

Furthermore, in the case of the image forming apparatus 
using a liquid toner including a liquid carrier in Which micro 
scopic toner resin particles containing a pigment have been 
dispersed, in some cases, a large number of toner resin par 
ticles are consumed When forming a photographic image, and 
a large amount of liquid carrier is consumed When forming 
letter images, meaning that in order to obtain a high quality 
image, it is essential to constantly maintain the mixture ratio 
of the toner resin particles and the liquid carrier at a substan 
tially ?xed level. 

SUMMARY 

It is therefore an object of the invention to provide a simply 
con?gured liquid toner concentration detecting device, 
enabling consistently stable and highly accurate liquid toner 
concentration detection, as Well as an image forming appara 
tus and a method of controlling a concentration of liquid toner 
Which utiliZe the detecting device. 

In order to achieve the object, according to the invention, 
there is provided a liquid toner concentration detecting device 
comprising: 

a ?rst container, operable to accommodate a liquid toner, 
and provided With a WindoW; 

a re?ector, disposed in the ?rst container; 
a light emitter, operable to emit light to the re?ector 

through the WindoW and the liquid toner; 
a light receiver, operable to receive the light re?ected by the 

re?ector through the liquid and the WindoW; and 
a detector, operable to detect a concentration of the liquid 

toner based on the light received by the light receiver. 
The re?ector may be rotatable. 
The ?rst container may have a ?rst surface provided With 

the WindoW, the re?ector may have a second surface, a cur 
vature of the ?rst surface may be different from a curvature of 
the second surface, the WindoW of the ?rst surface may be 
adjacent to the second surface, and the light emitter and the 
light receiver may face the WindoW. 
The re?ector may have a slider operable to be brought in 

sliding contact With the WindoW. 
The re?ector may be operable to agitate the liquid toner in 

the ?rst container. 
The ?rst container may be communicated With a develop 

ment device, Which has a second container adapted to accom 
modate the liquid toner and a developer causing the liquid 
toner to adhere onto an image carrier to develop an electro 
static latent image forrned on the image carrier as a toner 
image. 
The ?rst container may be communicated With the second 

container through a ?oW path. 
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The ?rst container may be communicated With a ?rst tank 
adapted to store a ?rst liquid, and the ?rst container may be 
communicated With a second tank adapted to store a second 
liquid. 

The ?rst liquid may be a concentrated toner, and the second 
liquid may be a carrier liquid. 

The ?rst container may be identical With the second con 
tainer. 

The re?ector may be operable to supply the liquid toner to 
the developer. 
A supply roller may be formed With a groove adapted to 

accommodate the liquid toner and is operable to supply the 
liquid toner to the developer, and a part of the supply roller, 
not having the groove, may serve as the re?ector. 

According to the invention, there is also provided an image 
forming apparatus in Which an electrostatic latent image 
formed on an image carrier is developed as toner image, the 
image forming apparatus comprising the liquid toner concen 
tration detecting device. 

According to the invention, there is also provided a method 
of controlling concentration of liquid toner comprising: pro 
viding the liquid toner concentration detecting device; detect 
ing a signal, Which shoWs the concentration of the liquidtoner 
and is generated by the detector; counting a number of ?rst 
times a value of each of a plurality of the signal exceeds a 
preset upper limit Within a predetermined time period; count 
ing a number of second times a value of each of a value of each 
of a plurality of the signal exceeds a preset loWer limit Within 
the predetermined time period; supplying the ?rst container 
With a concentrated toner in a case Where the number of the 
?rst times is greater than a predetermined number of times; 
and supplying the ?rst container With a carrier liquid in a case 
Where the number of the ?rst times is no more than the 
predetermined number of times and the number of the second 
times is greater than the predetermined number of times. 

According to the invention, there is also provided a method 
of controlling concentration of liquid toner comprising: pro 
viding the liquid toner concentration detecting device; detect 
ing a signal, Which shoWs the concentration of the liquidtoner 
and is generated by the detector, Within a predetermined time 
period; calculating an average value of values of a plurality of 
the signal; supplying the ?rst container With a concentrated 
toner in a case Where the average value is greater than a preset 
upper limit; and supplying the ?rst container With a carrier 
liquid in a case Where the average value is no more than the 
preset upper limit and the average value is less than a preset 
loWer limit. 

According to the invention, there is also provided a method 
of controlling concentration of liquid toner comprising: pro 
viding the liquid toner concentration detecting device; detect 
ing a signal, Which shoWs the concentration of the liquidtoner 
and is generated by the detector, Within a predetermined time 
period; calculating an integrated value of values of a plurality 
of the signal; supplying the ?rst container With a concentrated 
toner in a case Where the integrated value is greater than a 
preset upper limit; and supplying the ?rst container With a 
carrier liquid in a case Where the integrated value is no more 
than the preset upper limit and the integrated value is less than 
a preset loWer limit. 

According to the invention, there is also provided a method 
of controlling concentration of liquid toner comprising: pro 
viding the liquid toner concentration detecting device; detect 
ing a signal, Which shoWs the concentration of the liquidtoner 
and is generated by the detector; detecting a time period for 
Which a value of the signal is greater than a standard value; 
calculating an average time period of a plurality of the time 
period; supplying the ?rst container With a concentrated toner 
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4 
in a case Where the average time period is greater than a preset 
upper limit; and supplying the ?rst container With a carrier 
liquid in a case Where the average time period is no more than 
the preset upper limit and the average time period is less than 
a preset loWer limit. 

According to the invention, there is also provided a method 
of controlling concentration of liquid toner comprising: pro 
viding the liquid toner concentration detecting device; detect 
ing a signal, Which shoWs the concentration of the liquid toner 
and is generated by the detector; detecting a time period for 
Which a value of the signal is greater than a standard value; 
calculating a total time period of a plurality of the time period; 
supplying the ?rst container With a concentrated toner in a 
case Where the total time period is greater than a preset upper 
limit; and supplying the ?rst container With a carrier liquid in 
a case Where the total time period is no more than the preset 
upper limit and the total time period is less than a preset loWer 
limit. 

According to the invention, there is also provided a liquid 
toner detecting device comprising: 

a container, adapted to accommodate liquid toner, and 
provided in a developing device causing the liquid toner to 
adhere onto an image carrier to develop an electrostatic latent 
image formed on the image carrier as a toner image; 

a roller, disposed in the container, and having a ?at surface 
at one end portion of the roller and a drive gear at the other end 
portion; 

a re?ective photo sensor, disposed outside of the container, 
and facing the roller, Wherein 

the re?ective photo sensor emits light to the ?at surface of 
the roller through the liquid toner, 

the ?at surface of the roller re?ects the light to the re?ective 
photo sensor, and 

the re?ective photo sensor receives the light re?ected by 
the ?at surface of the roller though the liquid toner and detects 
a concentration of the liquid toner based on the light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing the overall con?guration of an 
image forming apparatus of the invention; 

FIG. 2 is a partial enlarged vieW of a black image forming 
section in FIG. 1; 

FIG. 3 is a vieW shoWing embodiment l of a liquid toner 
concentration detecting device of the invention; 

FIG. 4 is a vieW shoWing embodiment 2 of the liquid toner 
concentration detecting device of the invention; 

FIGS. 5A and 5B are vieWs shoWing embodiments 3 and 4 
of the liquid toner concentration detecting device of the 
invention; 

FIG. 6 is a vieW shoWing embodiment 5 of the liquid toner 
concentration detecting device of the invention; 

FIG. 7 is a vieW shoWing the overall con?guration of 
embodiment 6 of the invention; 

FIG. 8 is a partial enlarged vieW of embodiment 6 of a black 
image forming section in FIG. 7; 

FIG. 9 is a partial enlarged vieW of embodiment 7 of a black 
image forming section in FIG. 7; 

FIG. 10 is a sectional vieW taken along the A-A line of FIG. 
9. 

FIG. 11 is a ?oWchart illustrating a method of controlling a 
concentration of the liquid toner (part 1) for the liquid toner 
concentration detecting device shoWn in FIG. 3; 

FIG. 12 is a ?oWchart illustrating a method of controlling a 
concentration of the liquid toner (part 2) for the liquid toner 
concentration detecting device shoWn in FIG. 3; 
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FIG. 13 is a ?owchart illustrating a method of controlling a 
concentration of the liquid toner (part 3) for the liquid toner 
concentration detecting device shoWn in FIG. 3; and 

FIG. 14 is a ?oWchart illustrating a liquid toner concentra 
tion control method for the liquid toner concentration detect 
ing device shoWn in FIG. 6. 

DETAIL DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Embodiments of the invention Will be described With ref 
erence to the draWings. FIG. 1 shoWs the overall con?guration 
of one embodiment of an image forming apparatus equipped 
With a liquid toner concentration detecting device of the 
invention. As shoWn in FIG. 1, in the image forming apparatus 
of this embodiment, image forming sections Y, M, C and K, 
Which are utiliZed for yelloW, magenta, cyan and black 
respectively, are arranged in tandem beloW an intermediary 
transfer belt 400 stretched across a drive roller 401, a cleaner 
back up roller 402 and auxiliary rollers 403 and 404. 

The image forming process of the image forming apparatus 
of this embodiment Will be described using the black image 
forming section K as a representative. As the yelloW, magenta 
and cyan image forming sections Y, M and C have the same 
con?guration as the black image forming section, the descrip 
tions thereof Will be omitted. 

The surface of a photoreceptor 100, Which is an organic 
photoreceptor or an amorphous silicon photoreceptor, is 
charged uniformly by a charging roller 110 Which rotates in 
contact With the photoreceptor 100 While being impressed by 
a poWer source (not shoWn) With a bias of the same polarity as 
that of the liquid toner’s charged polarity. 

The charging roller 110 suitably uses an elastic roller hav 
ing the surface of a metal shaft covered With an elastic mate 
rial such as conductive urethane rubber and a ?uoride resin 
surface layer. Furthermore, dirt is removed from the charging 
roller 110 by bringing a cleaning pad 111 into sliding contact 
With it. 

Next, a black image electrostatic latent image is imprinted 
on the uniformly charged photoreceptor 100 by means of a 
laser scanning optical system 200 installed beloW each color 
image forming section. 

MeanWhile, inside a developing device 300, a uniform 
layer of toner is formed on a developing roller 301 by means 
of the con?guration hereafter illustrated in FIG. 2. The devel 
oping roller 3 01, Which has been impressed by a poWer source 
(not shoWn) With a developing bias of the same polarity as that 
of the liquid toner’s charged polarity, rotates in contact With 
the black image electrostatic latent image formed on the 
photoreceptor 100, causing a visible image of the black image 
electrostatic latent image to be formed by the toner. 

The liquid toner used for this embodiment includes solid 
thermoplastic resin particles of average diameter 1 pm in 
Which a coloring agent such as a pigment has been dispersed, 
dispersed at approximately 20% Weight in a liquid solvent 
such as organic solvent, silicon oil, mineral oil or edible oil, 
While adding a dispersing agent. 

The developing roller 301 is suitably structured to have the 
outer periphery of a metal shaft covered With an elastic mate 
rial, such as conductive urethane rubber, and a layer of resin 
or a layer of rubber. 

Immediately after formation by the developing roller 301, 
the liquid toner image on the photoreceptor 100 includes a 
high ratio of liquid solvent, meaning that there is a possibility 
of image deletion When colors are layered over one another on 
the intermediate transfer belt 400 by means of the transfer 
device, to be described later. As such, the excess liquid sol 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
vent is transferred onto the squeeZing roller 330, Which 
rotates in contact With the photoreceptor 100 While being 
impressed With a bias of the same polarity as the toner’s 
charging characteristics, thus raising the ratio of solid par 
ticles in the visible image. The liquid solvent transferred to 
the squeeZing roller 330 is scratched off by a squeeZing roller 
cleaner 331. 
The squeeZing roller 330 suitably uses an elastic roller 

having the surface of a metal shaft covered With an elastic 
material such as conductive urethane rubber and a ?uoride 
resin surface layer. 

Next, by impressing a bias, With a poWer source (not 
shoWn), of opposite polarity to the toner’s charging charac 
teristics, to a primary transfer roller 405 Which rotates in 
contact via the intermediate transfer belt 400, the visible 
image on the photoreceptor 100 is primarily transferred to the 
intermediate transfer belt 400, Where it is superimposed on 
the visible image of another color Which has been formed on 
the upstream side of the intermediate transfer belt 400 in its 
rotating direction by means of the same image forming pro 
cess, thus creating a full color image. 

After the primary transfer, the electrostatic latent image is 
removed from the photoreceptor 100 by a neutralizing lamp 
120, Which includes a rod-shaped light source, liquid toner 
remaining from the primary transfer is scratched off by a 
photoreceptor cleaning blade 130 Which is in contact With the 
photoreceptor 100, and the photoreceptor 100 is once more 
charged uniformly by the charging roller 110. 
The used liquid toner scratched off by the photoreceptor 

cleaning blade 130 is carried toWards the back of FIG. 1 by a 
carrying screW 131, and collected in a Waste toner container 

(not shown). 
The color visible images formed on the intermediate trans 

fer belt 400 proceed to a secondary transfer section, including 
the intermediate transfer belt 400, the drive roller 401 and a 
secondary transfer roller 430. 

In synchronization With the timing of the image formation, 
one of recording media 501, such as sheets of paper, stacked 
in a paper feed cassette 500 is separated by a pick up roller 502 
and a separating pad 503, and fed to the secondary transfer 
section via a feed roller pair 504 and a resist roller pair 505, 
Which corrects the angle of the recording medium and the 
feed timing. 
The secondary transfer roller 430 is biased toWards the 

drive roller 401 via the intermediate transfer belt 400 by 
biasing means (not shoWn), and at the same time a bias of 
opposite polarity to the liquid toner’ s charging characteristics 
is impressed by a poWer source (not shoWn), resulting in the 
secondary transfer of the full color image on the intermediate 
transfer belt 400 to the recording medium 501. 

Paper scraps, Which have adhered to the surface of a sec 
ondary transfer roller 430, and liquid toner, Which has 
adhered to the secondary transfer roller 430 from a portion of 
the intermediate belt 400 betWeen the adjacent recording 
media, are scratched off by a secondary transfer roller clean 
ing blade 421 Which is included in a secondary transfer roller 
cleaner 420 and is in contact With the secondary transfer roller 
430. The paper scraps and liquid toner scratched off by the 
secondary transfer roller cleaning blade 421 are carried 
toWards the back of FIG. 1 by the carrying screW 422, and 
collected in a Waste toner container (not shoWn). 

After the secondary transfer, the secondary transfer 
residual toner and paper scraps remaining on the surface of 
the intermediate transfer belt 400 are scratched off by a belt 
cleaning blade 411, in a belt cleaner 410 Which is in contact 
With the cleaner back up roller 402 via the intermediate trans 
fer belt 400. The secondary transfer residual toner and paper 
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scraps scratched off by the belt cleaning blade 411 are carried 
towards the back of FIG. 1 by the carrying screW 412, and 
collected in a Waste toner container (not shoWn). 

The recording medium 501 bearing the secondarily trans 
ferred full color image passes through a ?xing device 600, 
including a internal heater-equipped heat roller 601 and a 
pressuriZing roller 602 covered in an elastic material such as 
rubber, Whereby the thermoplastic resin included in the full 
color image is fused and pressure-?xed onto the recording 
medium 501, providing the required image. 

After ?xing, the recording medium 501 is discharged by 
means of a paper discharge roller pair 506 onto the upper 
surface of the image forming apparatus. When an image is 
also to be formed on the reverse side of the recording medium 
501, the recording medium 501 is sWitched back by the paper 
discharge roller pair 506 capable of forWard and backWard 
rotation, and the image is once more transferred, via the resist 
rollers 505 by refeed roller pairs 507, 508 and 509, to the 
reverse side of the recording medium 501 in the secondary 
transfer section. After the image is ?xed by the ?xing device 
600, the recording medium 501 is discharged onto the upper 
surface of the image forming apparatus by means of the paper 
discharge roller pair 506. 

FIG. 2 is a partial enlarged vieW of the black image forming 
section K of the image forming apparatus shoWn in FIG. 1. 
The con?guration of the developing device of the image 
forming apparatus of the invention Will be described With 
reference to FIG. 2. 

The developing device 300 includes a liquid toner primary 
reservoir 315 in the loWer part of the container 320. The 
reservoir 315 is equipped With an agitator 303 Which includes 
a ?exible plate-shaped agitating member 304. 

The plate-shaped agitating member 304 includes a ?exible 
metal plate such as stainless steel or phosphor bronZe and a 
?exible resin plate such as polyethylene terephthalate. The 
free end of the plate-shaped agitating member 304 is con?g 
ured to come into sliding contact With the inner periphery of 
the container 320 in the primary reservoir 315, Where the 
agitator 303 rotates, thereby agitating the liquid toner, While 
at the same time lifting the liquid toner into a secondary 
reservoir 302. 

The liquid toner, Which is lifted into the secondary reser 
voir 302 and over?oWs, drops into the primary reservoir under 
its oWn Weight. 

The secondary reservoir 302 includes a toner supply roller 
305 Which has on its surface microscopic grooves such as 
spiral grooves. A toner regulating blade 306, Which includes 
a ?exible metal plate With urethane rubber on its tip in contact 
With the rotating toner supply roller 305, scratches off and 
accommodates the liquidtoner into the grooves on the surface 
of the toner supply roller 305. 

The liquid toner accommodated inside the grooves on the 
surface of the toner supply roller 305 is transferred to the 
surface of the developing roller 301 by being brought into 
contact With the developing roller 301, Which has the surface 
of a metal shaft covered With an elastic material such as 
conductive urethane rubber. A leveling roller 308, Which 
rotates in contact With the developing roller 301 and is 
impressed With a bias of a polarity equivalent to that of the 
liquid toner and higher than that of the developing roller 301 
by a poWer source (not shoWn), obliterates the groove pattern 
on the toner supply roller 305 surface, and creates a uniform 
?lm of liquid toner. 

The leveling roller 308 is suitably structured to include a 
metal roller or a metal roller With a conductive resin layer and 
rubber layer on its surface. Furthermore, in the case of this 
embodiment, the leveling roller 308 is con?gured to rotate 
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8 
counter to the rotating direction of the developing roller 301, 
but by incorporating a speed difference in relation to the 
peripheral speed of the developing roller 301, it can be con 
?gured to rotate in the driven direction. 
By impressing the leveling roller 308 With a bias of a 

polarity equivalent to that of the liquid toner and higher than 
that of the developing roller 301, the solid particles in the 
liquid toner on the developing roller 301 transfer to the sur 
face layer of the developing roller 301, causing soft binding. 
This soft binding has the effect of increasing the speed of the 
transfer of the solid particles in the liquid toner from the 
developing roller 301 to the latent image section of the pho 
toreceptor 100 by means of the developing nip part of the 
developing roller 301, Which is in contact With the photore 
ceptor 100, thus increasing the concentration of the image. 
A leveling roller blade 309 is in contact With the leveling 

roller 308 counter to the rotating direction of the leveling 
roller 308, thus scraping off the liquid toner adhering to the 
leveling roller 308. The liquid toner scratched off by the 
leveling roller blade 309 is returned by its oWn Weight to the 
primary reservoir 315 via a collecting opening 310. 
The surface of the developing roller 301 is cleaned by 

bringing the developing roller blade 307 into contact With the 
surface of the developing roller 301 doWnstream of the devel 
oping nip part, thus scraping off the liquid toner remaining 
after development. The liquid toner scratched off by the 
developing roller blade 307 is returned by its oWn Weight to 
the primary reservoir 315 via a collecting pathWay 311. 

The liquid toner returned to the primary reservoir 315 via 
the collecting opening 310 and collecting pathWay 311 is 
agitated by the agitator 303, and lifted again into the second 
ary reservoir 302. 

FIG. 3 is a sectional vieW shoWing embodiment l of the 
liquid toner concentration detecting device of the invention. 
As shoWn in FIG. 3, a liquid toner concentration detecting 
device 700 is in communication With the developing device 
300 through a toner back-?oW path 701 and a toner supply 
path 703. The liquid toner is conveyed by pumps P1 and P2, 
While the toner back-?oW path 701 is equipped With a ?lter 
702, Which removes any large solid particles in the toner as 
Well as any foreign object Which has mixed in With the toner 
for Whatever reason. 

Although the con?guration of the embodiment is such that 
the liquid toner is conveyed by the pumps P1 and P2, either 
pump P1 or P2 can be replaced With a valve in the event that 
it is possible to install the liquid toner concentration detecting 
device 700 at a level different to that of the toner surface in the 
primary reservoir 315 of the developing device 300. Tube 
pumps, diaphragm pumps or gear pumps can be used for the 
pumps P1 and P2. 
The inside of a casing 704 Where the liquid toner is stored 

is equipped With an agitating screW 705, Which agitates the 
liquid toner, and an agitating roller 706. The outer periphery 
of the agitating roller 706 and the inner surface of the casing 
704 have different curvatures R1 and R2, and they are pref 
erably set so that the distance betWeen the tWo is preferably 
0.5 mm or less or, in the case of a liquid toner of high 
concentration, 0.1 mm or less. Furthermore, the surface of the 
agitating roller 706 preferably includes a metal, metal plating, 
or the like so as to have a high degree of re?ectivity. 
The casing 704 is provided With an opening 70411 at the 

point at Which the inner surface of the casing 704 comes in 
closest proximity With the outer periphery of the agitating 
roller 706, the opening 704a being sealed With a WindoW 
member 707 made of a transparent material such as glass or 
resin. A re?ective photo sensor 708 can emit and receive light. 
The re?ective photo sensor 708 is arranged in order that the 
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incident light and the re?ected light can be obtained With 
respect to the surface of the agitating roller 706 through the 
WindoW member 707. 

The liquid toner is agitated inside the casing 704 by means 
of the agitating screW 705 and the agitating roller 706, and the 
liquid toner is led toWards the WindoW member 707 by the 
rotating of the agitating roller 706. At this point, the re?ected 
light of the re?ective photo sensor is detected, providing 
information on the solid particle concentration in the liquid 
toner in a control circuit 709 by a method to be described later 
(described in FIGS. 11, 12 and 13). 

In accordance With the concentration information 
obtained, the concentration of the liquid toner inside the 
casing 704 is maintained at a substantially ?xed level by 
supplying an appropriate amount of concentrated toner or 
carrier liquid, via valves 713 and 711, from either a concen 
trated toner tank 710, Which stores concentrated toner With a 
higher concentration of solid particles than liquid toner, or 
from a carrier liquid tank 712, Which stores a compound of 
liquid solvent and dispersing agent. 

The con?guration of this embodiment is such that an 
appropriate amount of concentrated toner or carrier liquid is 
supplied by gravity from either the concentrated toner tank 
710 or from the carrier liquid tank 712 via the valves 711 and 
713. Either valve 711 or 713 can, hoWever, be replaced With a 
pump such as a tube pump, a diaphragm pump or a gear pump. 
As described above, the con?guration of the invention is 

such that the liquid toner is forced betWeen the outer periph 
ery of the agitating roller 706 and the inner surface of the 
WindoW member 707, and the concentration of the liquid 
toner is detected by the re?ective photo sensor 708 arranged 
outside the Window member 707. As such, even if the image 
forming apparatus is tilted When installing or moving the 
image forming apparatus, or the image forming apparatus is 
subjected to vibration then, as described in JP-A-200l - 
356608, there is no possibility of losing the required detection 
accuracy due to liquid toner adhering to the re?ective photo 
sensor itself, or to the detecting WindoW arranged in the front 
of the sensor. Furthermore, as the outer periphery of the 
agitating roller 706 and the inner surfaces of the casing 704 
and the WindoW member 707 have different curvatures and 
are disposed in close proximity to each other, the pressure of 
the liquid toner increases in the area in Which the outer periph 
ery of the agitating roller 706 and the inner surfaces of the 
casing 704 and the WindoW member 707 are in closest prox 
imity While the agitating roller 706 is rotating. 
OWing to the aforementioned pres sure, the inner peripheral 

surface of the WindoW member 707 is refreshed. For example, 
even in the event that the image forming apparatus is not used 
for a long period, or the liquid toner inside the casing 704 
dries up, it is easily possible to restore the situation Where the 
toner concentration can be detected. Furthermore, even in the 
event that the amount of liquid toner falls off beloW a prede 
termined amount, the detecting function can easily be 
restored after replenishing the liquid toner, and accurate 
detecting can be restarted. 

Furthermore, the con?guration of the liquid toner concen 
tration detecting device of this embodiment is such that the 
agitating and mixing for reusing the toner and the concentra 
tion detection of the liquid toner can be carried out Within one 
device, enabling the Whole image forming apparatus to be 
made more compact. 

FIG. 4 is a sectional vieW shoWing embodiment 2 of the 
liquid toner concentration detecting device of the invention. 
As the main con?guration and operations of this embodiment 
are the same as the previously described embodiment 1, those 
descriptions Will be omitted. 
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10 
As the components Which are different from embodiment 

1, an agitating blade 705a and an agitating roller 70611 are 
included in the liquid toner agitating member inside the cas 
ing 704. When the agitating blade 705a and the agitating 
roller 706a rotate, the raised and depressed shapes on the 
outer peripheries of the tWo components face each other, 
providing a higher performance of liquid toner agitating than 
that of embodiment 1. 

Furthermore, as the agitating roller 70611, which has the 
raised and depressed portions, rotates facing the WindoW 
member 707, the pres sure ?uctuation of the liquid toner at the 
point Where the tWo components are in close proximity is 
greater than in the case of embodiment 1, providing easier 
refreshing of the inner peripheral surface of the WindoW 
member 707. 

FIGS. 5A and 5B are sectional vieWs shoWing embodi 
ments 3 and 4 of the liquid toner concentration detecting 
device of the invention. As the main con?guration and opera 
tions of these embodiments are the same as the previously 
described embodiment 1, those descriptions Will be omitted. 

In FIG. 5A, as the component Which is different from 
embodiment 1, there is provided an agitating roller blade 714 
Which comes into contact With the agitating roller 706. The 
agitating roller blade 714 is preferably made of a ?exible 
metal plate such as urethane rubber, stainless steel or phos 
phor bronZe and, as it comes into contact With the agitating 
roller 706a, it has the function of cleaning the surface of the 
agitating roller 706a. OWing to this cleaning function, it is 
possible to obtain a stable output signal from the re?ective 
photo sensor 708, even When using a liquid toner With a high 
concentration of solid particles. 

In FIG. 5B, as the component Which is different from 
embodiment 1, there is provided a refresh blade 715 attached 
to the outer periphery of the agitating roller 706. The refresh 
blade 715 is preferably made of a soft material such as ure 
thane rubber or polyethylene resin and, as it is brought into 
sliding contact With the WindoW member 707 by the rotating 
of the agitating roller 706a, it has the function of cleaning the 
inner surface of the WindoW member 707. OWing to this 
cleaning function, the inner surface of the WindoW member 
707 is constantly refreshed, even When using a liquid toner 
With a high concentration of solid particles, making it pos 
sible to obtain a stable output signal from the re?ective photo 
sensor 708. 

FIG. 6 is a sectional vieW shoWing embodiment 5 of the 
liquid toner concentration detecting device of the invention. 
The feature of this embodiment is that the liquid toner con 
centration detecting device is built into the developing device 
described in FIG. 2. 

According to this embodiment, the WindoW member 707 is 
provided in the container 320 of the developing device 300 
shoWn in FIG. 2, and the plate-shaped agitating member 304 
rotating With the agitator 303 is made to face the re?ective 
photo sensor 708 via the WindoW member 707. The signal, 
received from the re?ective photo sensor 708 through the 
liquid toner forced betWeen the plate-shaped agitating mem 
ber 304 and the inner surface of the WindoW member 707, is 
detected by a method of detecting a liquid toner to be 
described later (FIGS. 12, 14, etc.), thus obtaining informa 
tion on the liquid toner solid particle concentration. 
The plate-shaped agitating member 304 can be con?gured 

of a metal plate made of stainless steel, phosphor bronZe or 
the like, or a resin plate made of polyethylene terephthalate or 
the like. HoWever, in the event that the plate- shaped agitating 
member 304 is con?gured of a resin plate made of polyeth 
ylene terephthalate or the like, it is preferable that the surface 
thereof is subjected to a treatment such as aluminum evapo 












